Free Gracilis muscle transfer to restore elbow flexion in brachial plexus injuries  by Coulet, B. et al.
Orthopaedics & Traumatology: Surgery & Research (2011) 97, 785—792
Available online at
www.sciencedirect.com
ORIGINAL ARTICLE
Free Gracilis muscle transfer to restore elbow
ﬂexion in brachial plexus injuries
B. Couleta,∗, C. Bocha, J. Borettob, C. Lazergesa, M. Chammasa
a Hand and Upper Extremity Surgery Department, Lapeyronie Teaching Regional Hospital Center, 371, avenue du
Doyen-Gaston-Giraud, Montpellier cedex 5, France
b Orthopedic and Hand Surgeon, Buenos Aires Italian Hospital, Potosí 4247, C1199ACK, Buenos Aires, Argentina
Accepted: 11 July 2011
KEYWORDS
Gracilis transfer;
Paralysis;
Brachial plexus;
Elbow ﬂexion
recovery
Summary
Introduction: Restoration of elbow ﬂexion is an important step in managing brachial plexus
injuries. After more than one year of functional denervation, the muscle atrophy is signiﬁcant
enough that transferring a free muscle to act as a new effector becomes a treatment option.
The goal of this study was to evaluate the effectiveness of transferring a gracilis free muscle,
innervated by three intercostal nerves, to restore elbow ﬂexion.
Material and methods: This was a retrospective study of a series of gracilis transfer procedures
in 12 men having an average age of 25.6 years (23—37) and average follow-up of 112months
(28—260). The patients were operated on average at 42months (14—153) following their motor
vehicle accident; ﬁve had a partial paralysis (C5C6C7) and seven had a complete paralysis
(C5-T1). The surgical technique and rehabilitation protocol were the same for all the patients.
Results: There were two cases of acute arterial thrombosis (17%) that led to functional fail-
ure. When these two cases were excluded from the analysis, all the remaining patients had a
useful result (British Medical Research Council score≥M4) and 2.5 kg of elbow ﬂexion strength
measured on a dynamometer. The strength was 3.8 kg (2.7 to 55) for partial plexus injuries and
1.6 kg (0.3 to 1.5) for complete plexus injuries. For partial injuries, active elbow ﬂexion was
128◦ and extension −38◦, versus 103◦ and −23◦ for complete injuries. The average DASH score
was 42 for partial injuries and 32 for complete injuries.
Discussion: Free Gracilis muscle transfer is a challenging technique that leads to reproducible
and encouraging results, but has vascular failure rate that cannot be ignored. When compared
to published results, our series provides similar results to primary suturing performed within
6months for cases of complete paralysis and within 12months for cases of C5C6C7 partial
paralysis; our series was better for cases beyond 12 months.
Level of evidence: Level IV.
© 2011 Elsevier Masson SAS. All
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sected the ICs; the second team harvested the gracilis
muscle from the ipsilateral thigh (Figs. 1 and 2). The gracilis
was reinnervated with the third, fourth and ﬁfth ICs with-
out graft interposition and revascularized with end-to-side
Figure 1 Skin incisions on the upper arm and chest used to
harvest the third, fourth and ﬁfth intercostal nerves and access
the humeral pedicle in the same operative ﬁeld.86
ntroduction
rauma to the brachial plexus in adults often results in paral-
sis of elbow ﬂexion and sometimes the hand. The main goal
f any surgical treatment is to restore elbow ﬂexion.
Direct neurotization of the elbow ﬂexors by nerve trans-
er is a common surgical approach [1—5]. Other than patient
ge, the main prognostic factor is the time before treatment
s started. The amount of time allowed before a surgical
rocedure is not well deﬁned. It depends on the type of
ransfer, proximity of the effector and motoneuron pop-
lation abundance. Jivan et al. [6] showed that beyond
months post-injury, nerves grafted from C5 to reinnervate
lbow ﬂexion had inferior results. Transferring intercostal
erves (IC) or the part of the ulnar nerve that is closest to
he effector muscle is more robust, with a maximum delay
f 6 and 12 months, respectively [2,5,7].
Beyond the 12th month, the muscle atrophy appears
rreversible and it is unrealistic to perform a reinner-
ation procedure with the goal of achieving a useful
esult. Palliative tendon transfer of the forearm ﬂexor-
ronator (Steindler), triceps brachii, pectoralisminor or
ectoralismajor muscles cannot be performed with cases of
omplete or partial (C5C6C7) paralysis because these muscle
ften are deﬁcient themselves.
When patient management is delayed or the initial nerve
ransfer surgery fails, the only alternative is to bring in an
ffector muscle and reinnervate it with a nerve transfer. The
rst cases of vascularized muscle transfer to restore elbow
exion were described by Ikuta et al. [8]. In the published
iterature, three types of freemuscle transfers were used for
raumatic brachial plexus injuries in adults: gracilis, latis-
imus dorsi and rectus femoris [5,9—13]. The ﬁrst two are
ost commonly used, but it is difﬁcult to compare them
ecause of different surgical techniques and the British Med-
cal Research Council (BRMC) score (the only scoring system
vailable) does not allow for an objective evaluation of
atients who have a ﬂexion strength of M4. For Chuang
t al., gracilis muscle transfer was the most effective [5,14].
erzis et al. [13] described a homogenous series of 73 free
uscle transfers and found a latissimus dorsi transfer to be
etter than a gracilis transfer. They showed that patient age
s a prognostic factor but did not provide evidence for one
ype of muscle transfer being better than another.
The goal of our study was two-fold: evaluate the results
nd function of a Gracilis Free Muscle Transfer (GFMT) in
dults for traumatic brachial plexus paralysis where man-
gement is delayed, and compare these to published primary
einnervation results to deﬁned appropriate indications.
aterial and methods
eries
rom 1991 to 2008, 14 GFMTs were performed to restore
lbow ﬂexion in cases of traumatic brachial plexus injuries.
welve of these cases were available for clinical follow-up
Table 1). The population was exclusively male, had an aver-
ge age of 28 years at surgery (range 23—37) and had been
nvolved in a motor vehicle accident an average of 42months
F
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range 14—153) beforehand. The dominant side was affected
hree times.
There were ﬁve partial (C5-C6-C7) and seven complete
C5-T1) injuries. Initially, three patients required an emer-
ency axillary artery bypass. A GFMT was indicated in six
ases after direct nerve transfer surgery failed and in six
ther cases because of delayed care.
The 12 GFMT cases that were retrospectively reviewed
re part of a prospective database that includes all patients
ith a brachial plexus injury treated by our team within the
cope of a regular specialized consultation.
Patients with less than 24months follow-up and those
ho received an additional palliative procedure to reinforce
lbow ﬂexion were excluded from the analysis.
urgical technique
n most cases, the procedure was performed by two teams
ccording to the technique described by Chammas and Allieu
15]. The ﬁrst team prepared the recipient site and dis-igure 2 Harvesting of the gracilis from the ipsilateral thigh;
ascular and nerve pedicles identiﬁed proximally.
Elbow
ﬂ
exion
restored
w
ith
gracilis
after
brachialplexus
injury
787
Table 1 Demographic data and results from the patient series grouped by partial or complete injury.
Case Nerve
lesion
Injured side
(dominant)
Age Delay
before
surgery
Follow-
up
(months)
Previous
direct
nerve
surgery
Complications
with transfer
Associated surgery Elbow ﬂexion Elbow ROM
Hand Shoulder BMRC
score
Strength
(kg)
Active
Flexion
(degree)
Extension
(degree)
Partial injury 1 C5-C6-C7 L (R) 25 48 260 Tendon
transfer
ﬁnger ext.
Humeral
derotational
osteotomy
4 5.5 140 −20
2 C5-C6-C7 L (R) 31 36 204 + Shoulder
fusion
4 4 120 −60
3 C5-C6-C7 L (R) 27 74 194 Wrist fusion 4 2.7 120 −40
4 C5-C6-C7 R (R) 23 20 29 + Skin
paddle
trouble
Tendon
transfer
wrist &
ﬁnger ext.
4 3 130 −30
5 C5-C6-C7 R (R) 30 23 84 + 4 3.8 120 −40
Mean SD 27.2 40.2 154.2 4 3.8 126 −38
3.3 21.9 94.7 0 1.1 8.9 14.8
Complete injury 6 C5 to T1 L (R) 24 35 126 + Tendon
transfer
ﬁnger ext.
4 2.5 90 −30
7 C5 to T1 L (R) 27 55 100 + Arterial
thrombo-
sis then
revision
1 — −30
8 C5 to T1 R (R) 22 23 168 + 4 1.5 90 −10
9 C5 to T1 L (R) 30 23 92 Shoulder
fusion
3 1 90 −20
10 C5 to T1 L (R) 37 30 96 Arterial
thrombo-
sis then
revision
1 — —10
11 C5 to T1 L (R) 32 153 28 4 2.5 115 −25
12 C5 to T1 L (R) 29 14 180 3 0.25 135 −30
Mean SD 28.7 47.6 112.9 2.9 1.6 104 −22.1
5 48.3 51.3 1.3 1 20.4 9.1
788
Figure 3 Gracilis transferred to the arm. Proximal attach-
ment was made onto the coracoid process and distal attachment
onto the biceps tendon. An end-to-side anastomosis of the vas-
cular pedicle onto the humeral artery was performed. The
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Quality of life was better in the partial paralysis casesracilis nerve was reinnervated with the three intercostal
erves that were passed through the axillary fossa.
nastomosis onto the humeral artery and two satellite veins.
skin paddle indicator was preserved in all cases (Fig. 3).
he gracilis was attached proximally to the coracoid pro-
ess and distally to the biceps tendon. The forearm was
upinated and the elbow placed at 40◦ of ﬂexion to allow
he muscle body to return to its initial length after suturing.
ost-operative care consisted of a posterior splint to immo-
ilize the elbow at 110◦ ﬂexion for 5weeks; rehabilitation
as initiated while keeping a 30◦ ﬂexion deformity.
In certain cases, once sufﬁcient active elbow ﬂexion was
chieved, additional surgical procedures to stabilize the
houlder and restore hand function were performed in six
atients: two glenohumeral fusions, one humeral derota-
ional osteotomy, three tendon transfers to provide wrist
xtension, one wrist fusion (Table 1). In one case, the shoul-
er fusion was performed after elbow ﬂexion was restored
nd tendons were transferred in the hand. Procedures to
ugment elbow ﬂexion were not needed.
valuation
ll the patients were monitored monthly within the scope
f specialized visits until the ﬁrst clinical or electromy-
raphical signs of reinnervation, then every 3months until
lbow ﬂexion strength had stabilized. All the patients were
een again at the last follow-up by an independent exam-
ner (other than the surgeon) an average of 78months later
range 28—260).
Along with the BMRC score, elbow ﬂexion strength was
easured with a dynamometer (Kinetec©) with one end
ttached to the ground and the other to the elbow, with
he elbow ﬂexed at 90◦ against the body. The functional
eﬁcit was evaluated with the validated, French version of
he DASH [16], quality of life was assessed with the MOF
F-36, and satisfaction, attractiveness and surgical recom-
endation were evaluated with a visual analogic scale (VAS).
t
o
rB. Coulet et al.
tatistics
ata were collected into a Filemaker Pro v8© database
hile respecting patient conﬁdentially. The statistical anal-
sis was performed with SAS© software by the medical
nformation department at our institution. Mann Whitney
on-parametric tests were used for non-paired data.
esults
he results are shown in Table 1.
Post-operatively, two patients (17%) required surgical
evision because of arterial thrombosis that was seen via
roblems in the skin paddle. In these two patients, partial
esection of necrotic tissue in the gracilis was subsequently
erformed. Both were cases of complete plexus injury and
ad poor function result (BMRC score of M1).
The ﬁrst clinical and electromyographical signs of rein-
ervation were observed at the seventh month, on average.
o further change in the BMRC score were found after the
4th month.
For the entire series, 10 patients (83%) had a useful
esult of M3 or better, which corresponds to all the patients
f the cases of initial vascular failure are excluded. Eight
atients had a score of M4 (66%), with 2.3 kg average ﬂex-
on strength (range 0.3—5.5) (Fig. 4). Partial plexus injury
C5C6C7) patients had 3.8 kg average ﬂexion strength (range
.5—2.7). Complete plexus injury (C5-T1) patients had a use-
ul result in ﬁve cases (71%) with 1.1 kg of average ﬂexion
trength (range 0—2.5). If the two vascular failure cases are
xcluded, useful results were obtained in 100% of cases and
trength was 1.55 kg (range 0.25—2.5). Differences found
etween the two types of paralysis in the BMRC score (Mann
hitney) and ﬂexion strength (Student’s t-test) were sta-
istically signiﬁcant (P = 0.02), even after the failures were
xcluded (P = 0.01).
Elbow range of motion for the partial plexus injuries was
28◦ of active ﬂexion for a passive extension deﬁcit of −38◦;
or complete injuries, range of motion was 103◦ of ﬂexion
ith an extension deﬁcit of −23◦.
There was a weak correlation between patient age and
exion strength ( =−0.29).
Patients who initially needed a bypass or those who
moked did not have worse results. The two vascular failure
atients had a healthy humeral artery and did not smoke.
The attractiveness evaluated with the VAS had an average
f 1.8 (where 0 = no embarrassment, 10 = unbearable outer
ppearance).
There were no donor site complications, no pneumotho-
ax during IC collection and no respiratory decompensation
ater on.
One patient reported feeling knee instability on the side
he gracilis was harvested from, without objective medial
axity found upon examination.
The DASH score was on average 32 (range 22—40) for the
omplete plexus injury patients and 42 (range 15 to 55) for
he partial injury patients.han the complete paralysis cases. Ninety-one percent
f patients were satisﬁed with this surgery and would
ecommend it. One patient felt he did not receive any
Elbow ﬂexion restored with gracilis after brachial plexus injury 789
Figure 4 Final result for this patient (case no. 4). He came to us with a C5C6C7 paralysis 20months after the initial accident and
after primary surgery failed. Transfer of gracilis reinnervated with three intercostal nerves. In a second procedure, tendon transfer
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tperformed to restore hand and wrist extension.
beneﬁt from this procedure and did not provide further
information.
Discussion
This study described a homogenous series of GFMT with the
same indication (post-traumatic injuries in adults), same
type of nerve transfer (three IC nerves), same population
(young men) and same procedure. Using a dynamometer
provides an objective measure of elbow ﬂexion strength.
In this series, the GFMT results are affected, as with any
nerve-related surgery, ﬁrst by the revascularization of the
transferred muscle and then by the quality of the muscular
reinnervation.
The risk of early vascular thrombosis primarily depends
on the background, but also the experience of the surgical
team. In this series, the initial failure rate was 17%; it was
20% in the 10 cases reported by Verkris et al. [17]; it was 11%
in a large series of 72 transfers reported by Terzis et al. [13],
and 10% in the series by Kai et al. [12] where half the 33 case
were children with a more favorable vascular background.
These differences can in part be attributed to the post-
trauma context of our series and older subjects, although
we did not ﬁnd initial vascular injury (axillary bypass) or
smoking to have a negative effect. We also did not ﬁnd any
link between patient age and the result, but our series had
a very tightly grouped age range.
The goal of this surgery is to provide good, long-term
functional results. Our series clearly showed that if initial
vascular complications do not occur, useful results are con-
sistently attained. Kay et al. [12] reported 53% useful results
in adult patients but they used a different type of nerve
transfer, the contralateral C7 root. Chuang et al. [9] pre-
sented a series of 19 GFMT for brachial plexus injuries that
8
o
t
mere reinnervated by three IC nerves; their results were
omparable to ours, with 74% of cases scored as M4.
Verkris et al. reported having 80% useful results after
atissimus dorsi muscle transfer with IC reinnervation.
BMRC scoring lacks precision above M4. For this rea-
on, Chuang et al. [5] proposed a subjective change; a 2 kg
bject can be lifted starting at a score of M4. The use of
dynamometer provides an objective evaluation of GFMT,
hich only Hosseinian et al. have done [18].
In the published literature, functional muscle transfer is
last-resort procedure that is done in cases of delayed man-
gement. To deﬁne indications, muscle transfers should be
ompared to classic approaches.
The comparison of GFMT with primary biceps reinnerva-
ion is interesting. The percentage of useful results after
C transfer ranges from 60 to 80% (Table 2, [19]). It is
2% in the meta-analysis of published English studies per-
ormed by Merrell et al. [1]. This rate varies from 70 to 100%
hen ulnar nerve fascicles are transferred [2,20—22]. Coulet
t al. [7] evaluated the results of IC nerve transfer onto the
usculo-cutaneous nerve in 17 cases of C5C6±C7 paralysis,
ccounting for delay in care. When patients were operated
efore the sixth month, the rate of useful results was 83%,
he average BMRC score was 3.7 and the ﬂexion strength was
.1 kg; these results were slightly worse than those obtained
fter GFMT with reinnervation by three IC nerves. In this
ame study, none of patients that were operated after the
ixth month had a useful result.
If GFMT is compared to partial transfer of the ulnar nerve,
he latter is slightly better. Teboul et al. [2] reported that
2% of cases had a useful result and a ﬂexion strength
f 4.2 kg. Coulet et al. [7] found comparable results with
he same technique but no useful results beyond the 12th
onth.
790
B.
Coulet
et
al.
Table 2 Review of published literature on methods used to restore active elbow ﬂexion after paralysis of brachial plexus due to trauma. Comparison between classic nerve
transfer and free muscle transfer.
Classic nerve transfer
Authors Paralysis
level
Sample
size
Nerve
transferred
Useful results
(>M3) (%)
Average BMRC
score
Elbow ﬂexion
strength (kg)
Nagano et al. (1989) [26] C5 149 2× IC 73 — —
Chuang et al. (1992) [23] C5 29 2× IC 59 — —
Chuang et al. (1992) [23] C5 34 3× IC 79 — —
Kline and Hudson 1995 [27] C5 37 3× IC 57 — —
Malessy et al. (1998) [28] C5 17 3× IC 59 — —
Leechavengvong et al. (1998) [29] C5C6 26 UF 96 4 3.2
C5C6C7 6 83 3.3 1.8
Waikakul et al. (1999) [19] C5-T1; C5C6 75 3× IC 64 — —
Sungpet et al. (2000) [22] C5C6 25 UF 92 — 2
C5C6C7 11 64 1.2
Merrell et al. (2001) (meta-analysis) [1] C5 521 2—4× IC 72 — —
Bertelli et al. (2004) [30] C5C6 10 UF 100 3.8
Teboul et al. 2004 [2] C5C6 18 UF 75 3.4 5
C5C6C7 8 76 3.3 3.5
Leechavengvong et al. (2006) [20] C5C6 15 UF 87 3.7 3
Coulet et al. (2010) [7] C5C6±C7 12 IC (< 6 months) 83 3.7 3.1
5 IC (> 6 months) 0 1.8 0
10 UF (< 6 months) 100 3.9 4.5
13 UF (6months < T < 12 months) 70 3.3 4.5
Bertelli et Ghizoni (2010) [30] C5C6 7 UF 100 — 5.2
Free muscle
transfer
Authors Muscle
transferred
Sample
size
Initial failure
level (%)
Nerve
transferred
% Useful
results
Average BMRC
score
Elbow ﬂexion
strength (kg)
Chuang et al. (1997) [25] Gracilis 31 — 3× IC 78% >M4
Verkis et al. (2008) [17] Latissimus dorsi 7 20 Contralateral C7 root + graft 80% >M3
3 3× IC
Hosseinian et al. (2008) [18] Gracilis 12 — or contralateral C7 root + graft 58% >M4 2.8 7.9
Kay et al. (2009) [12] Gracilis 13 10 3× IC 46% >M4
UF or contralateral C7 root + graft 53% >M3
Terzis et al. (2009) [13] Gracilis 28 11 IC or contralateral 2.3
Latissimus dorsi 37 C7 3.3
Rectus femoris 7 2.7
IC: intercostal; UF: ulnar fascicle.
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[Elbow ﬂexion restored with gracilis after brachial plexus inj
The better results with partial paralysis (C5C6C7) than
with complete paralysis can be explained by Steindler type
forearm ﬂexor-pronator compensation, and also by greater
use of the still-functioning hand, which in itself supports
elbow function [23,24].
Unusually high DASH scores in partial paralysis cases are
probably related to a sampling bias, since these values are
higher than those usually found in the same conditions. They
can be linked to the handicap being harder to accept or live
with in cases of partial paralysis, because patients still have
a functioning hand.
Good GFMT results can be attributed to the shortest pos-
sible delay in denervation and time for axon regrowth. It
is directly correlated to the length of the muscular nerve
pedicle and corresponds to the delay between suturing and
the ﬁrst contraction. In our series, this time frame aver-
aged 7 months; published reports give 7 to 9months as the
time frame needed when IC nerves are transferred onto the
biceps [7,23,24]. For a primary surgical intervention, the
pre-treatment delay is the primary prognostic factor.
Muscle performance must also be considered, but the
published results in this area are not consistent. Chuang
et al. [5,10,25] along with Kay et al. [12] believe that it
is best to transfer the gracilis muscle, while Terzis et al.
[13] did a comparative study and decided on using the latis-
simus dorsi muscle. The latter muscle is quite large and can
be challenging to attach to the biceps tendons.
Even if the motoneuron population brought in by these
different nerve transfers are not the same [12], Terzis et al.
[13] found this not to be an important factor. However, the
ﬁxation tension set for the gracilis signiﬁcantly affects its
mechanical performance [10].
GFMT is a reliable procedure that is independent of the
delay in the patient receiving care. Before the sixth month,
the results are worse than with a primary nerve transfer
and the surgical procedure is clearly more complicated and
has an initial vascular risk that cannot be reduced. The
most appropriate indications for GFMT are cases of com-
plete paralysis (C5-T1) beyond the sixth month post-trauma
and in partial paralysis (C5C6±C7) cases where partial ulnar
nerve transfer is an option and is typically less sensitive to
denervation time.
In the hands of a well-trained team, this procedure is a
satisfactory and reproducible treatment option when classi-
cal procedures are no longer indicated.
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